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PROGRESS IN USING BIOTECHNOLOGY BY-PRODUCTS AS FERTILIZER 
Stanley J. Henning 
Assistant Professor 
Department of Agronomy 
Iowa State University 
Russell Doorenbos 
Research Assistant 
Department of Agronomy 
Iowa State University 
Byproducts from fermentation industries using modem, biotechnological fermentation processes 
are produced in large volumes, up to several thousand tons per year. The byproducts consist of 
the biomass from the microorganisms that reproduced in fermentation, the raw products 
contained in the fermentation solution, and both major and minor products of fermentation. In 
addition, the byproducts may contain chemicals added to assist in the recovery of the product 
especially where ion exchange resins have been used. Annual energy consumption by the 
microorganisms carrying out the fermentation processes in Iowa industries amounts to over five 
million bushels of com that has been refined into sugar. 
The byproducts used in this research are derived from amino acid production. Both by products 
contain approximately 6 to 7 percent total nitrogen (N). About 80 percent of theN occurs as 
ammonium that was used in the process of ion exchange used to recover the amino acid product. 
The remaining 20 percent of the N is organic and occurs in the biomass remains of the 
microorganisms. Ammonium cations (NH4 +) must be balanced by a negatively charged anion. 
One byproduct contains sulfate anions (SO/) while the other contains chloride (Cr). 
Experiments were carried out at the Southeast Iowa Research Farm (SERF) near Crawfordsville 
and at the ISU Bruner Farm near Ames. At SERF com was grown in test plots fertilized with the 
ammonium sulfate-rich byproduct from 1991 to 1994. The ammonium chloride-rich byproduct 
was applied in 1994 only. Soybeans were grown in these plots in 1995. In 1995, two additional 
experiments were conducted at SERF, one involved fertilization of winter wheat and the other a 
foliar application of soybeans. At the Bruner Farm, com was the test crop. Results of these 
experiments are given in Tables 1 to 7. 
Com responded positively to byproducts. The source ofN did not significantly affect grain yield 
or quality. Soil acidity was i~~reased (pH decreased) by the addition of more byproduct. This 
was due to the occurrence SO or cr, which are very strong acid forming anions. However, the 
increase in acidity was in line with what was expected. One hundred pounds of nitrogen 
fertilizer from materials such as anhydrous ammonia or urea will require 185 pounds of pure 
calcium carbonate or limestone to neutralize the acidity produced. Ammonium sulfate will 
require 525 pounds of calcium carbonate to neutralize the acidity it produces. Similarly, 
ammonium chloride can be expected to yield the same increase in acidity as ammonium sulfate. 
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Concern for soybean production following com fertilization with byproducts was the reason this 
crop was grown in 1995. The results suggest that soybean yields declined following the greatest 
rates ofN application from all sources. The decline was greater where no lime had been applied 
which suggests that greater soil acidity may be a cause in the yield decline. 
Winter wheat responded favorably to any ofthe sources. Because of differences in viscosity, 
different rates ofN were applied from the various sources. This experiment will be repeated in 
the future on the same experimental area. Research elsewhere in the United States suggests that 
ammonium chloride fertilization of winter wheat will lessen the incidence of fungal diseases, a 
primary reason for limited yields in Iowa. 
The byproducts were applied to an experimental site at the ISU Bruner Farm this past year to 
enable more frequent monitoring of the crop and soil. These results suggest that nitrification is 
retarded where the stronger acid-forming byproducts are applied. Most crop and soil parameters 
were nearly equal except those associated with greater soil acidity. 
The byproducts tested in these experiments are very good sources of nitrogen. Their acid-
forming potential can be measured but is easily corrected by proper maintenance of soil pH with 
Ag-lime. Their continued use will increase both S0-2 or Cr in the soil. Sulfate will combine 
with calcium to yield gypsum while cr remains soluble. Soybeans are reported to be sensitive to 
cr especially on poorly drained soils. Consequently, attention should be given to the soil where 
this material is applied, the amount of cr from byproduct and other sources and the frequency of 
application. 
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Table I . Com response to byproducts at SERF in 1994 
Grain quality Grain quality 
Nitrogen Yield Moist. Protein Oil Starch Yield Moist. Protein Oil Starch 
lbs acre·• bu ac·• ----------------- percent---------------- bu ac·• --------------- percent -----------------
0 
50 
100 
150 
200 
250 
300 
0 
50 
100 
150 
200 
250 
300 
0 
50 
100 
150 
200 
250 
300 
90 
102 
116 
119 
118 
122 
138 
77 
Ill 
115 
120 
132 
131 
132 
92 
105 
134 
109 
115 
129 
126 
Maximum (all data) 
Minimum (all data) 
Average (all data) 
16.8 
16.6 
16.6 
16.5 
16.6 
16.5 
16.5 
16.0 
16.1 
16.1 
16.2 
16.1 
16.2 
16.3 
16.0 
15.7 
16.2 
15.7 
15.9 
15.8 
15.8 
Standard devaition (all data) 
Limed 
6.3 
6.2 
6.3 
6.9 
7.0 
7.0 
7.2 
6.2 
6.1 
6.7 
6.7 
7.0 
7.0 
7.5 
6.4 
6.6 
7.0 
7.4 
7.7 
7.7 
7.9 
Anunonium Chloride-rich Byproduct 
3.0 
3.0 
2.9 
2.8 
2.8 
2.7 
2.8 
62.7 
62.7 
62.8 
62.5 
62.4 
62.4 
62.4 
83 
102 
119 
119 
119 
128 
136 
16.7 
16.6 
16.5 
16.3 
16.2 
16.1 
16.5 
Anunonium Sulfate--rich Byproduct 
2.9 62.7 76 16.6 
3.0 62.7 100 16.2 
2.9 
2.8 
2.8 
2.7 
2.7 
62.4 
62.5 
62.3 
62.3 
61.9 
113 
123 
118 
128 
135 
16.2 
16.2 
16.5 
16.3 
16.1 
Urea Anunonium Nitrate (28% N solution) 
3.0 
3.1 
2.8 
2.8 
2.6 
2.7 
2.6 
62.6 
62.3 
62.3 
62.0 
62.0 
61.8 
61.9 
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80 
105 
109 
113 
122 
110 
109 
179 
45 
107 
24 
16.1 
15.7 
15.9 
15.7 
15.5 
15.4 
15.5 
17.6 
14.7 
16.2 
0.5 
Unlimed 
6.1 
6.1 
6.3 
6.6 
6.8 
7.0 
7.2 
6.2 
6.2 
6.5 
6.7 
6.7 
7.0 
7.3 
6.2 
6.6 
6.9 
7.0 
7.6 
7.9 
8.0 
8.3 
5.4 
6.7 
0.6 
2.8 
2.9 
3.1 
2.8 
2.8 
2.7 
2.7 
2.8 
3.0 
2.8 
2.7 
2.7 
2.7 
2.7 
3.0 
3.0 
2.7 
2.7 
2.9 
2.7 
2.6 
3.8 
2.3 
2.8 
0.2 
62.9 
62.8 
62.4 
62.7 
62.4 
62.3 
62.3 
62.6 
62.6 
62.6 
62.6 
62.4 
62.4 
62.2 
62.6 
62.2 
62.5 
62.3 
61.9 
61.8 
61.7 
63.3 
61.4 
62.4 
0.4 
Table 2. Soil and corn stalk responses to byproducts at SERF in 1994 
Soil test values Stalk Soil test values Stalk 
Nitrogen pH N03-N so.-s N03-N pH N03-N so.-s N03-N 
lbs acre·• 
----------------- ppm ---------------- --------------- ppm ----------------
Limed Unlimed 
Ammonium Chloride-rich Bmroduct 
0 5.6 3 5 0 5.4 4 2 0 
50 5.7 8 9 0 5.6 7 11 0 
100 5.8 8 9 0 5.3 11 4 9 
150 5.3 15 8 0 5.1 18 8 8 
200 5.3 25 10 119 5.1 29 13 0 
250 5.3 27 14 0 5.1 24 II 6 
300 5.1 44 15 664 5.0 27 12 143 
Ammonium Sulfate-rich Bmroduct 
0 5.8 5 11 108 5.4 4 9 105 
50 5.8 5 15 53 5.4 5 15 39 
100 5.6 15 28 46 5.2 14 23 32 
ISO 5.4 18 34 0 5.1 19 28 125 
200 5.3 23 37 263 5.1 24 39 435 
250 5.3 23 42 122 4.9 37 55 383 
300 5.3 49 79 1250 5.1 36 64 1494 
Urea Ammonium Nitrate (28% N solution) 
0 5.7 5 8 75 5.4 4 2 13 
50 5.9 7 II 42 5.4 II 4 18 
100 5.7 13 8 38 5.3 22 6 68 
ISO 5.7 25 II 601 5.4 24 7 300 
200 5.6 30 II 988 5.1 29 8 696 
250 5.3 50 15 1719 5.3 50 14 1589 
300 5.3 48 IS 2485 5.3 48 13 1678 
Maximum (all data) 6.2 55 110 2975 
Minimum (all data) 4.6 2 0 0 
Average (all data) 5.4 17 18 275 
Standard deviation (all data) 0.3 IS 18 562 
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Table 3. Soybean response following byproduct applications to corn at SERF in 1995 
Seed qualtiy Seed quality 
Nitrogen Yield Moisture Protein Oil Yield Moisture Protein Oil 
lbs acre·1 bushel ac·1 
----------- percent ----------- bushel ac·1 ----------- percent -----------
Limed Unlimed 
Ammonium Chloride-rich B)llroducti 
0 57.9 10.3 34.3 18.2 59.3 10.2 34.0 18.3 
50 57.4 10.4 34.1 18.3 59.1 10.2 33.8 18.3 
100 59.0 10.2 34.0 18.3 57.5 10.0 33.2 18.4 
150 57.3 10.3 34.1 18.4 57.7 10.2 33.6 18.3 
200 58.9 10.1 34.2 18.2 58.8 10.1 33.8 18.4 
250 57.5 10.3 33 .9 18.4 57.4 10.2 33.4 18.4 
300 55.7 10.4 34.4 18.1 57.9 10.2 33 .4 18.4 
Ammonium Sulfate-rich B)llrodud 
0 59.5 10.1 33.9 18.3 58.2 10.2 34.2 18.2 
50 57.8 9.9 33.6 18.6 58.6 10.1 34.0 18.2 
100 56.9 9.9 33 .9 18.2 56.9 10.0 33.9 18.3 
150 57.8 10.0 34.1 18.3 57.0 10.0 33.9 18.2 
200 56.9 10.0 33 .8 18.4 56.5 10.1 34.1 18.1 
250 57.1 10.0 34.0 18.3 56.2 10.0 33.5 18.3 
300 57.2 9.9 34.2 18.3 55.7 10.0 33.7 18.4 
Urea Ammonium Nitrate (28% N solution)2 
0 58.2 10.1 34.2 18.3 59.0 9.8 33 .6 18.4 
50 59.8 10.0 34.2 18.4 57.6 9.8 34.1 18.2 
100 60.1 10.1 33 .7 18.5 57.5 9.9 33.8 18.2 
150 58.8 10.0 34.0 18.4 57.8 10.1 34.2 18.1 
200 58.6 10.1 34.1 18.2 58.0 10.0 33.7 18.2 
250 57.3 10.2 34.0 18.3 57.7 9.8 33.5 18.4 
300 60.6 10.1 34.0 18.3 56.7 9.9 33.3 18.5 
Maximum (all data) 63 .0 11.2 35.5 18.8 
Minimum (all data) 53 .2 8.8 32.4 17.6 
Average (all data) 58.2 10.1 33.9 18.3 
Standard deviation (all data) 2.1 0.7 0.5 0.2 
1. Ammonium chloride-rich byproduct applied in 1994 only. 
2. Ammonium sulfate-rich byproduct and UAN applied 1991-1994. 
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Table 4. Wheat response to byproducts at SERF in 1995 
Grain quality 
Nitrogen Yield Moisture Protein 
lbs acre·• bushels acre·• ------ percent ------
Check. nothing applied 
0 52.0 13.2 10.1 
Ammonium Chloride-rich Byproduct 
30 58.3 13.1 10.2 
60 59.8 13.1 10.5 
90 59.1 13 .5 10.9 
Ammonium Sulfate-rich Byproduct 
25 52.9 13.0 10.2 
50 
75 
53.6 
58.2 
12.7 
12.7 
Urea Ammonium Nitrate (28% N solution) 
10.2 
10.5 
45 56.6 12.7 10.1 
90 
135 
Maximum 
Minimum 
Average 
Standard deviation 
58.7 
62.4 
63.2 
45.5 
57.1 
4.7 
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12.6 
12.6 
14.2 
12.2 
12.9 
0.5 
10.1 
10.7 
11.2 
9.8 
10.4 
0.4 
Table 5. Soyean response to foliar applied byproducts at SERF in 1995 
Application Seed Quality 
Early Late Yield Moisture Protein Oils Fiber 
lbsN acre·1 bushel acre·1 -----------------------------percent --------------------------
Check, nothing a1212lied 
0 0 34.8 10.1 36.0 16.9 5.8 
Ammonium Chloride-rich B:mroduct 
25 0 32.0 10.2 35.3 17.1 5.9 
50 0 25.5 10.2 35.2 17.5 5.9 
0 25 18.3 10.5 37.2 16.1 5.9 
0 50 10.2 10.9 39.6 14.2 5.8 
12.5 12.5 21.5 9.9 36.0 16.8 6.0 
25 25 16.4 10.9 37.4 15.8 5.8 
Ammonium Sulfate-rich B:mroduct 
25 0 30.8 10.8 35.9 16.9 5.7 
50 0 30.9 9.6 35.8 17.1 5.9 
0 25 26.2 10.3 36.3 16.7 5.8 
0 50 20.1 10. I 37.9 15.8 5.9 
12.5 12.5 26.3 10. I 36.3 16.7 5.8 
25 25 20.5 10.9 36.8 16.2 5.8 
Urea Ammonium Nitrate (28% N Solution) 
25 0 33.5 9.5 36.0 16.8 5.8 
50 0 30.1 9.2 36.1 16.6 5.9 
0 25 27.6 10.1 36.7 16.6 5.7 
0 50 21.2 10.6 37.6 16.2 5.6 
12.5 12.5 28.7 10.2 36.5 16.7 5.8 
25 25 28.8 9.3 37.2 16.4 5.8 
Maximum 38.3 I 1.3 39.8 17.6 6.2 
Minimum 9.6 7.1 34.9 13.9 5.6 
Average 25.9 10.2 36.6 16.5 5.8 
Standard deviation 6.8 I. I 1.1 0.7 0. I 
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Table 6. Mid-season responses to byproducts at the ISU Bruner Farm in 1995 
Nitrogen p~ p~ N03-N SPAD Silked 
lbs acre-1 ppmN percent 
Check, nothing ar:mlied 
0 6.0 6.3 24 40 23 
Ammonium Chloride-rich ByQroduct 
100 5.8 6.2 32 49 35 
200 5.4 6.1 39 54 48 
Ammonium Sulfate-rich Byproduct 
100 5.8 6.1 30 51 58 
200 5.6 6.0 34 56 68 
Urea Ammonium Nitrate (28% N solution) 
100 5.8 6.2 32 53 55 
200 5.8 6.2 41 54 54 
Maximum 6.3 6.5 50 60 93 
Minimum 5.2 5.7 22 36 5 
Average 5.8 6.2 33 51 49 
Standard deviation 0.2 0.1 7 6 21 
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Table 7. Com response to byproducts at the ISU Bruner in 1995 
Grain Quality 
Nitrogen Yield Moisture Protein Oil Starch Density 
lbs acre·1 bushels acre·1 
---------------------- percent ---------------------
Check, nothing agglied 
0 85 16.2 6.2 3.2 61.2 1.2 
Ammonium Chloride-rich Bygroduct 
100 119 15.3 6.8 3.0 61.4 1.3 
200 131 15.1 7.2 3.0 61.2 1.3 
Ammonium Sulfate-rich Bygroduct 
100 117 15.7 6.2 3.0 61.7 1.2 
200 140 15.0 6.9 3.0 61.7 1.3 
Urea Ammonium Nitrate (28% N solution) 
100 119 15.3 6.5 3.0 61.6 1.2 
200 129 14.9 7.4 2.9 61.0 1.2 
Maximum 152 17.4 7.8 3.5 62.8 1.3 
Minimum 68 13 .6 5.7 2.6 60.5 1.2 
Average 120 15.4 6.7 3.0 61.4 1.2 
Standard deviation 20 0.8 0.5 0.2 0.5 0.0 
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